.^, 


^ 


Vii»'.  ^% 


IMAGE  EVALUATION 
TEST  TARGET  (MT-3) 


"*"  ^< 


//  ^**V^^, 


i?. 


■^ 


1.0 


I.I 


1.25 


'^[12.8 

no 


2.5 
2.2 


W    1^     muss 


1.8 


U    III  1.6 


P^ 


/I 


^7). 


V^*' 
'> 


7 


^ 


vV 


CIHM/ICMH 

Microfiche 

Series. 


CIHIVI/iCMH 
Collection  de 
microfiches. 


Canadian  Institute  for  Historical  Microreproductions  institut  Canadian  de  microreproductions  historlques 

1980 


Technical  Notes  /  Notes  techniques 

The  Institute  has  attempted  to  obtain  the  best                          L'Institut  a  microfilm^  le  meilleur  exemplaire 
original  copy  available  for  filming.  Physical                                qu'il  lui  a  6t6  possible  de  se  procurer.  Certains 
features  of  this  copy  which  may  alter  any  of  the                       d6fauts  susceptibles  de  nuire  A  la  quality  de  la 
images  in  the  reproduction  are  checked  below.                          reproduction  sont  notis  ci-dessous. 

The 
poi 
oft 
filrr 

The 

. 

cor 

Coloured  covers/ 
Couvertures  de  couleur 

Coloured  pages/ 
Pages  de  couleur 

ort 
app 

Coloured  maps/ 

Cartes  gdographiques  en  couleur 

— 

Coloured  plates/ 
Planches  en  couleur 

The 
filrr 
inst 

Pages  discoloured,  stained  or  foxed/ 
Pages  d6color6es,  tachetdes  ou  piqudes 

Show  through/ 
Transparence 

Ma 

in  ^ 

^ 

Tight  binding  (may  cause  shadows  or 
distortion  along  interior  margin)/ 
Reliure  serr6  (peut  causer  de  I'ombre  ou 
de  la  distortion  le  long  de  la  marge 
int^rieure) 

— 

Pages  damaged/ 
Pages  endommag6es 

in  L 
upF 
bot 
foil 

Additional  comments/ 
Commentaires  suppl6mentaires 

Bibliographic 

Notes  /  Notes  bibliographiques 

1 — 

Only  edition  available/ 
Seule  Edition  disponible 

Pagination  incorrect/ 
Erreurs  de  pagination 

Bound  with  other  material/ 
Reli6  avec  d'autres  documents 

— 

Pages  missing/ 
Des  pages  manquent 

Cover  title  missing/ 

Le  titre  de  couverture  manque 

— 

Maps  missing/ 

Des  cartes  gdographiques  ma 

nquent 

Plates  missing/ 

Des  planches  manquent 

Additional  comments/ 
Commentaires  suppidmentaires 

The  images  appearing  here  are  the  best  quality 
possible  considering  the  condition  and  legibility 
of  the  original  copy  and  in  Iteeping  with  the 
filming  contract  specifications. 


The  last  recorded  frame  on  each  microfiche  shall 
contain  the  symbol  -^^  (meaning  CONTINUED"), 
or  the  symbol  V  (meaning  "END"),  whichever 
applies. 


Las  images  suivantes  ont  6t6  reproduites  avec  le 
plus  grand  soin,  compte  tenu  de  la  condition  et 
de  la  nettet6  de  I'exemplalre  fllm6,  et  en 
conformity  avec  las  conditions  du  contrat  de 
filmage. 

Un  des  symboles  suivants  apparaftra  sur  la  der- 
nlAre  image  de  ch^  ^ue  microfiche,  selon  le  cas: 
le  symbole  —►  signifie  "A  SUIVRE",  le  symbole 
V  signifie  "FIN". 


The  original  copy  was  borrowed  from,  and 
filmed  with,  the  kind  consent  of  the  following 
institution: 

Library  of  the  Public 

Archives  of  Canada 

Maps  or  plates  too  large  to  be  entirely  included 
in  one  exposure  are  filmed  beginning  in  the 
upper  left  hand  corner,  left  to  right  and  top  to 
bottom,  as  many  frames  as  required.  The 
following  diagrams  illustrate  the  method: 


L'exemplaire  film6  fut  reproduit  grfice  d  la 
g6n6rosit6  de  I'dtablissement  prdteur 
suivant : 

La  bibliothdque  des  Archives 

publiques  du  Canada 

Las  cartes  ou  les  planches  trop  grandes  pour  dtre 
reproduites  en  un  seul  clich6  sont  filmdes  d 
partir  de  I'angle  sup6rieure  gauche,  de  gauche  d 
droite  et  de  haut  en  bas,  en  prenant  le  nombre 
d'images  ndcessaire.  Le  diagramme  suivant 
illustre  la  m^thode  : 


1 

2 

3 

1 

2 

3 

4 

S 

6 

t  n 


] 


■>■  I 


\  ■tv 


iff 


% 


p 


1898-99.] 


THE   IROQUOIS   BEACH. 


29 


THE  IROQUOIS  BEACH. 
By  Prof.  A.  P.  Coleman,  Ph.D. 


(Read  November  igth,  1S98.) 


The 


ect  of  wave  action  in  cutting  cliffs,  spreading  materials  as 
terraces,  and  heaping  up  beach  sands  and  gravels  is  so  easily  recognised 
that  old  shore  lines,  where  well  marked  like  those  of  the  Iroquois  beach, 
quickly  attract  attention.  Mr.  Thos.  Roy,  a  land  surveyor  in  the  early 
days  of"  Upper  Canada,"  was  the  first  to  refer  to  the  Iroquois  beach,  in 
a  paper  on  the  "  Ancient  State  of  the  North  American  Continent,"  read 
by  Lyell  before  the  Geological  Society  of  London  in  1837.  In  this 
paper*  Roy  describes  a  series  of  "  terraces  or  level  ridges  "  to  the  north 
of  Lake  Ontario,  the  first  at  108  feet  above  the  lake,  the  second  at  208 
feet,  and  a  series  of  higher  ones,  the  last  rising  762  feet  above  Ontario, 
or  996  feet  above  the  sea.  It  is  probable  that  the  beach  described  as 
two  and  a  half  miles  north  of  the  lake  and  208  feet  above  it  must  be 
looked  on  as  the  Iroquois  beach,  though  later  measurements  make  its 
height  only  170  feet.  Roy's  other  beaches  have  not  been  found  with 
certainty  by  later  observers,  and  it  is  doubtful  if  he  was  correct  in  his 
inferences,  the  densely  wooded  character  of  much  of  the  country  making 
it  more  difficult  in  those  days  to  recognise  an  old  beach. 

In  1842  Lyell  visited  Toronto,  largely  to  examine  these  terraces,  and 
rode  in  company  with  Roy  about  twenty  miles  north,  i.e.,  to  the  old 
moraine  of  the  Oak  Ridges,  and  reports  having  seen  in  all  eleven  of  these 
apparent  beaches,  the  highest  680  feet  above  Lake  Ontario  ;  but  he  is 
not  certain  that  all  of  them  were  due  to  wave  action.  He  says,  however, 
that  "  with  the  exception  of  the  parallel  roads  or  shelves  in  Glen  Roy 
and  some  neighboring  glens  of  the  western  highlands  of  Scotland,  I 
never  saw  so  remarkable  an  e.xample  of  banks,  terraces  and  accumu- 
lations of  stratified  gravel,  sand  and  clay  maintaining  over  wide  areas  so 
perfect  a  horizontality  as  in  the  district  north  of  Toronto."  He  mentions 
that  the  second  beach,  the  one  at  208  feet,  has  a  shore  cliff  rising  fifty  to 
seventy  feet,  and  is  covered  with  boulders  ;  characters  which  we  find  on 
the  Iroquois  beach  near  Yonge  street,  in  the  northern  part  of  Toronto.f 

Roy  accounted  for  this  series  of  supposed  beaches  by  the  former 
presence  of  an  immense  lake  i.ooo  feet  deep,  dammed  to  the  east  and 

*  Proceedings  Geol.  Soc.,  LonJon,  Vol.  U.,  No,  51,  pp.  537  and  538. 
t  Lyell,  Travels  in  North  America,  Vol.  U,,  pp.  103-icb. 
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south  by  ranges  of  mountains.  As  the  dam  was  cut  away  the  water  fell 
step  by  step  to  its  present  level.  Lyeli  prefers  to  think  that  these  ridges 
and  other  marks  of  ancient  water  levels  were  formed  by  the  sea,  since 
he  cannot  imagine  where  the  barrier  assumed  by  Roy  could  have 
existed*  It  is  evident  that  in  1842  the  long  discussed  question  as  to 
the  marine  or  fresh  water  origin  of  the  Iroquois  and  other  raised  beaches 
had  already  taken  its  place  as  one  demanding  solution. 

On  the  south  shore  of  Ontario  this  beach  was  clearly  recognised  in 
1843  by  Hall,  who  describes  the  gravel  ridges  used  as  roads,  and  states 
that  these  beach  gravels  contain  wood,  and,  as  he  was  informed,  shells 
also  ;  the  first  fossils  noted  from  beds  of  Iroquois  age. 

It  was  sixteen  years  later  before  much  further  attention  was  directed 
to  this  old  beach,  A.  C.  Ramsay  mentioning  briefly  the  Iroquois  terrace 
north  of  Toronto  in  1859;+  while  in  the  following  year  Charles  Robb, 
C.E.,  of  Hamilton,  Ontario,  describes  a  succession  of  ridges  of  sand  and 
gravel,  seven  in  number,  seen  as  one  goes  inland  from  Lake  Ontario. 
He  refers  particularly  to  the  old  Burlington  beach  and  heights,  stating 
that  they  rise  i  fo  feet  above  the  lake,  a  more  correct  estimate  than 
Roy's  of  the  same  beach  at  Toronto.  He  looks  on  the  drift  as  due  to 
iceberg  action.J  In  1861  Professor  E.  J.  Chapman,  of  Toronto  Uni- 
versity, describing  the  drift  deposits  of  Western  Canada  (meaning 
Ontario),  mentions  the  fresh  water  shells  found  on  old  beaches  near 
Collingvvood  and  elsewhere,  and  thinks  that  an  immense  fresh  water  lake 
formed  these  beaches  in  succession  as  it  gradually  fell,  evidently  holding 
a  view  somewhat  like  Roy's.§ 

In  the  same  year  Sandford  Fleming  gave  a  good  account  of  a  portion 
of  the  Iroquois  beach  northwest  of  Toronto  in  a  paper  read  before  the 
Canadian  Institute,  describing  the  terrace  plain  at  the  foot  of  Davenport 
ridge  (which  is  an  old  shore  cliff),  and  the  gravel  spit  near  Carlton 
station.  He  gives  a  rough  but  fairly  correct  map  of  the  spit,  and  of  a 
bay  of  old  Lake  Iroquois  to  the  north.  | 

In  1862  Newberry  described  "  the  ice  wall  of  the  retreating  glacier  as 
forming  the  northern  shore  of  the  fresh  water  inland  sea,"**  and  so 
introduced  an  entirely  new  element  into  the  discussion.  In  1882  Dr. 
Spencer   published    his  work  on  the    Iroquois   beach    north   of   Lake 

*  Lyell,  Tr.ivels  in  North  America,  V'ol.  II.,  p.  io8. 

t  Quart.  Jour.  Geol.  Soc,  1859,  p.  203  ;  and  Can.  Nat.  and  Geol,,  Vol,  IV.,  p.  328. 
{  Can.  Jour.  New  Series,  Vol.  V.,  i860,  p.  509. 
S  Ibid,  Vol.  VI.,  1861,  p.  228. 
11  Ibid.,  pp.  247-»5.3- 

**  Prof.  Fairchild's  presidential  address  before  the  Geol.  Sect,  of  the    Am.  Assvic.  Proc  Am.  Assoc 
Vol.  XLVII.,  1898.  p.  33. 
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Ontario,  giving  the  beach  its  name,  and  bringing  out  clearly  its  differ- 
ential elevation  toward  the  northeast,  crediting  G.  K.  Gilbert  with 
similar  work  on  the  south  shore  of  the  lake,  and  furnishing  for  the  first 
time  a  correct  idea  of  the  shores  of  this  old  body  of  water.*  Spencer 
looks  on  the  Iroquois  water  as  having  been  a  prolongation  of  the  Gulf  of 
St.  Lawrence,  and  so  reverts  to  the  theory  of  marine  origin.  Gilbert,  on 
the  other  hand,  prefers  the  lake  theory,  and  places  an  ice  dam  across  the 
wide  stretch  toward  the  northeast,  where  no  beach  can  be  found. 

The  work  of  Spencer  and  Gilbert  practically  settled  the  area  and 
general  character  of  the  shores  of  the  Iroquois  water,  and  settled  also 
that  the  region  has  been  elevated  toward  the  north-east,  so  that  the  old 
beach  is  now  1 1 5  feet  above  Lake  Ontario  at  Hamilton,  170  at  Toronto, 
and  385  at  Trenton.  The  rate  of  increase  in  elevation  per  mile  toward 
the  west  end  of  the  lake  is  1.6  feet,  while  in  the  neighborhood  of 
Watertown,  N.Y.,  according  to  Spencer,  it  is  five  feet.f  The  rate  of 
elevation  per  mile  as  shown  on  the  north  shore  is  1.8  feet  between 
Burlington  and  Toronto,  two  between  Carlton  and  Scarboro',  and  2.3 
between  Scarboro'  and  Trenton,  showing  that  the  deformation  increases 
toward  the  northeast.  Beyond  the  Ottawa  and  St.  Lawrence  valleys  it 
has  not  been  found,  but  there  is  no  land  high  enough  to  receive  it,  even 
if  there  were  no  ice  dam  at  the  north-east  end  of  the  lake  to  close  its 
work  at  that  point. 

In  order  to  represent  graphically  this  increase  of  deformation  toward 
the  northeast,  the  following  curve  of  elevation  of  the  beach  has  been 
prepared  by  Dr.  Ellis  and  myself,  the  heights  of  the  beach  above  sea 
level,  taken  mainly  from  Spencer's  History  of  the  Great  Lakes,  being 
used  as  ordinates,  and  distances  from  Hamilton  at  the  west  end  of  the 
lake  as  abscissae.  After  numerous  trials,  it  was  found  that  the  direction 
north  17°  east  harmonized  the  elevations  on  the  two  sides  of  the  lake 
most  satisfactorily,  and  this  has  been  adopted  in  the  diagram.  In 
reality,  as  shown  by  Gilbert,J  the  isobases  or  lines  of  equal  uplift  are  not 
straight,  but  gentle  curves,  concave  towards  the  north-northeast 

The  shore  of  Lake  Iroquois  lies  outside  the  area  of  Lake  Ontario 
everywhere  except  for  half  a  mile  at  Scarboro'  Heights,  where  a 
promontory  extended  south  beyond  the  cliffs  of  the  present  shore. 

The  Iroquois  Shore  at  Toronto. 

During  the  past  two  years  the  increase  in  building  operations  in 
Toronto  has  caused  the  opening  of  a  number  of  sand  and  gravel  pits 

•  The  Iroquois  Beach,  Trans.  Roy.  Soc.  Can.,  Section  IV.,  1889,  p.  lai,  etc. 

t  History  of  the  Great  Lakes,  pp.  47  and  48. 

t  Recent  Earth  Movements  in  the  Great  Lakes  Region,  U.  S.  Geol.  Sur.,  1898,  p.  6^4. 
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in  beach  deposits  of  Iroquois  age,  and  the  finding  of  fossils  in  some 
of  them  has  made  it  worth  while  to  give  this  part  of  the  Iroquois 
shore  more  careful  study  than  it  has  hitherto  received.  The  results  are 
shown  in  the  accompanying  map  of  the  beach  in  the  County  of  York, 
It  will  be  seen  that  north  and  northwest  of  Toronto  it  keeps  a  distance 
of  about  two  and  a  half  miles  from  the  present  shore,  but  toward  the 
east  approaches  the  lake  until,  as  mentioned  above,  it  is  cut  off  for  half 
a  mile  at  the  highest  part  of  Scarboro'  Heights,  and  then  withdraws  to 
the  northeast. 


|40         so        |ea        po        |eo 
Milct  Rl^'Cof  tlMnlltgn^Qntario. 


Two  large  bays  project  to  the  north,  one  in  the  valley  of  the  Humber 
and  its  tributary  Black  Creek,  three  miles  long  and  about  the  same  in 
width  ;  the  other  n  the  Don  valley,  with  a  length  of  two  miles  from 
north  to  south,  and  a  width  of  about  four  miles.  A  bar  of  coarse  sand 
and  gravel,  often  crossbedded,  stretches  from  the  east  side  of  each  bay 
towards  the  west,  leaving  a  wide  opening  on  that  side,  like  the  present 
arrangement  of  Toronto  island  and  bay.  A  smaller  gravel  spit  is  found 
extending  northeast  of  Scarboro'  Heights,  enclosing  a  small  bay,  now 
the  valley  of  a  tributary  of  Highland  Creek.  As  mentioned  before,  the 
bay  in  the  Humber  valley  and  its  gravel  bar  were  briefly  described  and 
mapped  by  Sandford  Fleming  in  i86i.  Both  the  mber  and  Don 
bars  are  mentioned  by  Spencer,  but  not  particularly  ^escribed. 


.898-991. 


THB   IROQUOIS   BE.\CH. 


33 


As  one  approaches  Lambton  from  the  west  by  the  Dundas  road,  the 
old  shore  clifif  of  boulder  clay  rises  fifty  feet  or  more,  and  is  very  well 
marked.  It  then  turns  north  as  far  as  Weston,  keeping  about  half  a 
mile  west  of  the  H umber  river,  but  is  less  distinct  than  before,  wave 
action  being  of  course  much  less  effective  in  a  bay  than  on  a  large  lake. 
The  shores  are  mainly  low  and  of  gently  rolling  till  on  all  sides  of  this 
bay.  The  bar  or  gravel  spit  commences  at  Carlton  station,  rising 
fifteen  or  twenty  feet  above  the  level  plain,  and  extending  in  a  north- 
westerly direction  two-thirds  of  the  way  across  the  mouth  of  the  bay. 
It  is  easily  distinguished  by  the  pine  and  oak  trees  growing  on  its 
gravelly  soil,  which  is  unsuited  for  farming,  and  has  been  left  wooded. 
Beach  gravel  of  much  the  same  kind  is  found  resting  on  Hudson  shale, 


near  the  right  shore   of  the   Humber   at  Weston,  probably  a  deposit 
formed  before  the  spit  began  to  close  the  bay  and  prevent  wave  action. 

The  valley  cuttings  of  Black  Creek  and  the  Humber  give  evidence 
that  the  bay  was  deep  at  first,  but  was  afterv,  j  iilled  in  with  stratified 
sand  overlain  with  clay,  the  whole  being  in  places  sixty  feet  in  thickness, 
the  upper  ten  feet  of  clay.  Much  of  the  loose  materials  which  filled  the 
bay  during  Iroquois  times,  have  since  been  removed  by  the  Humber 
and  its  tributaries,  but  the  river  leaves  the  old  bay  by  a  narrow  ravine 
cut  down  about  thirty-five  feet  into  the  Hudson  shale  and  at  points  to 
the  south  show  Us  of  shale  sometimes  rising  ninety  feet  above 

the  river.     No  dc^Ll  the  former  stream  passed  out  much  to  the  east  of 
the  present  one  ;  which  was  crowded  to  the  western  side  of  the  bay  by 
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the  growth  of  the  bar  and  so  had  to  cut  a  sleep  walled  channel  through 
-the  shale  with  its  Ia)'ers  of  liniestoiie. 

Eastward  of  the  Carlton  gravel  bar  the  beach  is  once  more  very 
sha'-ply  defined  with  a  shore  cliff  of  stratified  sand  capped  b)-  till  rising 
sevent}'  feet  at  some  points,  the  sj-called  Davenport  ridge,  really  the 
edge  of  a  rolling  plain  of  ground  moraine.  The  Davenport  road  skirts 
the  west  end  of  this  escarpment  and  the  Canadian  Pacific  railway  the 
eastern  end  as  far  as  Leasidc  junction.  The  greater  part  of  the  city  of 
Toronto  stands  south  of  the  Davenport  ridge  on  the  gently  sloping 
sub-aqueous  plain  of  Lake  Iroquois,  once  thickly  strewn  with  boulders 
washed  out  of  the  proinohtory  of  till  by  wave  action,  as  mentioned  by 
Lyell  and  Ramsay  many  years  ago.  At  present  few  of  these  boulders 
are  left,  most  of  them  having  been  used  for  building  material  or  road 
metal,  and  soon  all  will  have  disappeared.  Most  of  them  were  Archaean 
and  some  were  of  large  dimensions. 

At  Leaside  Junction  there  is  a  short  bar  of  gravel  pointing  eastwards 
and  then  the  wide  Don  bay  opens  toward  the  north  with  low  shores  of 
till  showing  little  wave  action.  It  seems  that  this  bay  was  never  very 
deep,  for  the  ravines  of  the  Don  and  its  tributaries  cut  below  its  plain 
show  very  little  stratified  material,  but  thick  sections  of  till.  The 
eastern  end  of  the  Don  bay  comes  within  a  quarter  of  a  mile  of  Lake 
Ontario,  where  the  Kingston  road  climbs  Scarboro'  Heights  ;  and  from 
here  gravel  ridges  extend  with  an  outward  curve  for  three  miles  "to  the 
northwest,  well  shown  at  York  Station  on  the  Grand  Trunk  railway. 
There  are  two  main  ridges  with  hollows  between,  ancient  lagoons  ;  and 
the  greatest  width  of  the  gravel  beds  is  about  a  mile,  the  towns  of  York 
and  Norway  being  on  the  old  island.  In  form  this  group  of  ridges 
much,  resembles  Toronto  Island  in  Lake  Ontario,  and  the  mode  of 
formation  was  doubtless  the  same,  gravel  and  sand  being  drifted 
westwards  along  shore  from  the  Scarboro'  cliffs.  The  map  shows  that 
the  outlet  of  the  Don,  like  that  of  the  Humbcr,  has  been  crowded  to  the 
western  side  of  its  bay  by  the  growth  of  the  gravel  bar  in  that  direction. 

Beyond  the  Don  bay  the  shore  becomes  more  marked,  until  at  the 
highest  point  the  old  cliff  is  cut  off  by  the  undermining  action  of  Lake 
Ontario,  which  has  formed  here  the  highest  cliff  on  its  whole  circum- 
ference, with  an  elevation  of  350  feet  above  the  water.  The  Iroquois 
terrace  once  more  shows  itself  half  a  mile  beyond  with  a  fine  shore  cliff, 
at  one  point  170  feet  high.  From  this  toward  the  northeast  the  Iroquois 
beach  deserts  the  shore  of  Lake  Ontario,  and  is  sometimes  hard  to 
follow  owing  to  the  wooded  ravines  of  Highland  Creek  and  its 
tributaries.  At  the  crossing  of  the  river  Rouge  however,  it  is  distinctly 
shown  ;  but  has   not  been   traced  in  detail  beyond   this,  although    its 
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elevation  and  frc-ncr.-il  direction  have  been  determined  at  a   number  of 
points  toward  the  east  by  Dr.  Spencer. 

From  the  sketch  just  ^iven  of  the  Iroquois  beach  within  York  county 
it  is  evident  that  the  old  shore  is  a  cjuite  mature  one,  almost  as  much  so 
as  the  present  shore  of  Ontario,  and  probably  implies  as  long  a  time  for 
its  formation. 

The  beach  deposits  vary  greatly  in  thickness  and  character,  according 
to  the  circumstances  of  the  shore.  The  greatest  thickness  observed  is 
about  lOO  feet,  just  west  of  the  Hunt  Club  at  Scarboro',  where  the 
materials  are  coarse  and  fine  sand  with  a  little  gravel  ;  but  thickncs.ses 
of  fift)-  or  more  feet  are  not  uncommon.  The  two  ba\s  described  above 
were  almost  completely  filled  with  sand  and  silt  behind  the  gravel  bars, 
.so  that  now  they  present  the  apjiearance  of  plains  greatly  dissected  by 
the  rax'ines  of  the  present  watercourses.  That  large  ciuantities  of 
materials  were  deposited  at  other  points  on  the  shore  of  Lake  Iroquois 
is  proved  b\-  the  stratified  gravels  of  this  age  at  Burlington  and  on  the 
Niagara  river. 

FOSSIL.S   OK   TIIK    lUOQUOIS    BKACII    DEPOSITS. 

In  general  the  Iroquois  beach  is  very  barren  of  fossils  as  might  be 
expected  where  loose  sand  and  gravel  uncovered  by  an  impervious 
layer  of  clay  are  exposed  to  the  weather  for  th(jusands  of  years.  It  is 
onl\'  at  comparativel)-  low  levels,  or  where  the  gravel  has  been 
cemented  by  lime  that  fossils  arc  likely  to  be  preserved.  The  earliest 
finds  recorded  are  those  mentioned  in  1843  by  Mall  in  New  York  State, 
where  wood  and,  as  he  was  informed,  shells  also  were  found  in  gravel 
ridges  of  this  age.*  The  Geology  of  Canada  states  that  the  shells  were 
unios.  The  cutting  of  the  De.sjardins  canal  at  Burlington  Heights, 
wliere  the  Iroquc^is  beach  deposits,  chiefl\'  coarsel}'  stratified  gravel,  partly 
cemented  by  carbonate  of  lime,  have  a  thickness  of  107  feet  with  Frie 
clay  beneath,  disclosed  a  number  of  bones  of  inammals,  including 
EuelepJias  jixcksoui  (the  mammoth),  horns  of  ccrviis  canadensis  (wapiti) 
and  the  jaw  of  castor  fiber  (beaver).  The  mammoth  bones  occurred 
seventy  feet  above  the  present  lake  and  the  other  remains  seven  feet 
higher  ;+  or  from  thirty  to  forty  feet  below  the  level  of  Iroquois  beach. 

A  few  \-ears  ago  the  Toronto,  Hamiltt)n  antl  Buffalo  railway  made  a 
deep  cutting  on  Hunter  street,  Hamilton,  in  order  to  obtain  convenient 
access  to  the  centre  of  the  city.  This  cutting  has  since  been  covered 
over  and  is  called  the  Hunter  street  tunnel.  When  examined  by  the 
writer  the  cutting  passed  through  thirty  feet  of  coarse  stratified  gravel, 
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often  cross-bedded,  sometimes  containinj^  boulders  two  feet  in  diameter, 
the  equivalent  of  the  Iroquois  beach  i^rave is  at  the  Desjardins  canal  a 
mile  or  two  northeast.  Below  this  there  were  two  feet  of  brown 
unstratificd  clay  followed  by  eight  feet  of  blue  till  containing  few  stones. 
Considerable  cjuantities  of  rather  decayed  wood  occurrecl  in  the  brown 
layer,  probably  an  old  soil,  the  upper  weathered  portion  of  the  blue  till 
beneath  ;  and  specimens  kindly  examined  by  Professor  Penhallow  were 
determined  as  Larix  Atncncmta  and  a  Picea,  probably  nigra.  The 
workmen  in  the  cutting  found  a  number  of  bones,  so  far  a>  ould  be 
ascertained,  in  the  same  layer  of  brown  clay  ;  and  it  was  staled  that 
shells  were  obtained  in  the  clay  a  little  distance  off 

That  indefatigable  collector.  Col.  Grant,  writes  that  several  partly 
decayed  bones  of  an  elephant  were  found  buried  in  the  blue  Erie  clay 
at  the  base  of  the  cutting,  some  of  them  being  now  in  the  museum  at 
Hamilton,  others  apparently  carried  off  by  onlookers.  He  states  also 
that  some  well  preserved  timber,  recognized  as  belonging  to  trees  still 
living  in  the  vicinity,  was  found  in  the  clay.  "  The  shoulder  blade  of  a 
moose  or  large  deer  was  obtained  from  a  sandy  beach  bed  about  a  yard 
or  so  above  the  clay  according  to  the  workmen.  I  got  a  decayed  rib  of 
an  elephant  in  a  Slabtown  gravel  pit  previousl)'.  Some  years  ago  I 
paid  a  visit  to  the  old  gentleman  who  had  the  contract  for  the  Des- 
jardins canal  excavation.  He  mentioned  that  horns,  etc.,  of  a  buffalo  or 
bison  were  carried  away  by  a  bystander  in  addition  to  the  animal 
remains  secured  by  Sir  VV.  Logan  for  the  Survey."  From  Col.  Grant's 
account  it  is  somewhat  doubtful  if  the  elephant  remains  from  the 
Hunter  street  tunnel  came  from  Iroquois  beach  deposits  or  from  an  old 
land  surface  of  pre-Iroquois  age.  The  wood  obtained  by  myself  appears 
to  be  older  than  the  Iroquois  beach  deposits. 

In  regard  to  the  shells  reported  to  have  been  found  in  this  cutting, 
it  may  be  said  that  they  turn  out  to  be  Silurian  brachiopods  from 
boulders  contained  in  the  till  below  the  old  lake  gravels. 

A  description  of  the  Hunter  street  section  is  given  by  Mr.  A.  E. 
Walker  in  the  Journal  of  the  Hamilton  Association,  in  which  he  states 
that  he  obtained  the  lower  jaw  of  some  carnivorous  animal,  probably 
from  the  .sand  overlying  the  till,*  and  abo  partly  carbonized  wood. 
While  the  Hamilton  fossils  appear  to  be  of  an  age  greater  than  the 
base  of  the  Iroquois  beach  gravels,  and  those  from  the  Desjardins  canal 
occur  somewhat  high  up  in  them,  most  of  the  fossils  found  near 
Toronto  occur  comparatively  near  the  surface. 

Fossils  have  been  reported  from  four   localities  near  Toronto,  the 
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Carlton  gravel  spit,  Reservoir  park,  the  sandy  plain  east  of  the  Don,  and 
the  f^ravel  deposit  at  York  ;  and  there  are  a  few  other  localities  in  which 
fossils  occur  which  may  prove  to  be  of  Iroquois  aj^c,  but  are  not 
certainly  so.  The  only  fossil  recorded  from  the  gravel  pits  at  York  is  a 
mammoth's  t()(ith.  The  dune-like  sand  plain  east  of  the  Don  between 
the  end  of  the  York  gravel  spit  and  Gerrard  street  cast,  which  stands  a 
little  below  the  level  of  the  Iroquois  beach,  but  forms  a  part  of  the  same 
gentle  lakeward  slope,  has  yielded  to  Dr.  VVm.  Hrodie,  of  Toronto,  the 
following  shells  :  "  Succinea  avara  (?)  or  near  this  species,  Plauorbis 
complanatHS,  Limnea pnlustt'is  (do\xhii\x\ — very  much  broken,  but  no  doubt 
a  limnea),  C^nio  couiplanatHs  (?)  (complanatus  doubtful,  but  certainly 
a  unio)."  The  shells,  which  were  found  in  street  cuttings,  are  bleached 
and  fragile.  There  is  of  course  a  possibility  that  these  shellfish  lived 
in  some  pond  later  than  the  Iroquois  stage,  though  there  is  no  direct 
evidence  to  show  that  they  were  not  really  inhabitants  of  Lake  Iroquois. 

During  the  past  two  years  a  gravel  pit  opened  just  east  of  the 
Canadian  Pacific  viaduct  at  Reservoir  park  in  Toronto,  has  disclosed  a 
deposit  of  cross-bedded  sands  and  gravels  occupying  the  position  of  the 
Iroquois  beach  and  ha  g  a  distinct  shore  cliff  of  till  twenty-five  feet 
high  just  to  the  north.  Two  openings  have  been  made,  one  just  north 
of  the  railway  and  the  other  just  to  the  south.  The  latter  is  the  deepest 
and  in  it  a  considerable  number  of  fresh  water  shells  have  been  found, 
Campeloma  decisa  being  much  the  commonest  and  best  preserved ; 
though  pleuroceras,  probably  of  more  than  one  species,  sph;eriums  and 
badly  worn  pieces  of  unios  occur  also.  It  was  at  first  thought  that 
these  gravel  beds  were  interglacial,  but  the  thin  clay  which  in  places 
overlies  them  has  evidently  slipped  down  from  the  adjoining  low  cliff  of 
till,  and  the  whole  appearance  of  the  deposit  corresponds  to  that  of  the 
Carlton  or  York  gravels,  their  upper  surface  occupying  the  right  level 
for  the  Iroquois  beach  at  that  point,  if  below  water  and  not  raised  as  a 
bar,  viz.,  170  feet,  five  feet  above  the  railway.  The  Don  inter-glacial 
beds,  half  a  mile  away  to  the  southeast,  are  about  100  feet  lower  down 
and  contain  a  different  set  of  fossils,  campeloma  being  very  rare,  and 
unios  very  common.  It  has  been  suggested  by  Dr.  George  Dawson 
that  the  shells  may  have  come  from  a  stream  flowing  into  the  Iroquois 
water  and  simply  have  been  buried  on  the  .shore  with  other  materials 
wa.shed  down.  The  sharp  clay  bank  rising  in  the  rear  and  reaching  a 
height  of  seventy  feet  a  quarter  of  a  mile  to  the  east  shows  no  sign  of  a 
stream  bed,  though  the  ravine  crossed  by  the  railway  viaduct  just  to  the 
west  has  possibly  removed  evidence  of  the  sort  that  may  have  existed. 
Without  direct  proof  to  the  contrary,  however,  the  probabilities  are 
strongly  opposed  to  the  suppositiot;  that  these  shells  found  from  ten  to 
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fifteen  feet   below  the  surface  of  the  shore  fffavels  did  not  inhabit  the 
body  of  water  in  which  the  beds  were  laid  down. 

The  Carlton  sand  and  gravel  spit  has  long  been  known  to  contain 
deer  horns,  though  so  far  as  1  am  aware  they  were  never  mentioned  in 
print  before  1884,  when  Samuel  Thompson  wrote  as  follows  : — "While 
speaking  of  the  Carlton  gravel  ridge,  it  is  v/orth  while  to  note  that,  in 
taking  gravel  from  its  southern  face,  at  a  depth  of  twenty  feet,  I  found 
an  Indian  flint  arrowhead  ;  also  a  stone  implement  siinilar  to  what  is 
called  b\'  painters  a  muller,  used  for  grinding  paint.  Several  massive 
bones,  and  the  horns  of  some  large  species  of  deer,  were  also  found  in 
the  same  gravel  pit,  and  carried  or  given  away  by  the  workmen.  The 
two  articles  first  named  are  still  in  my  possession.  Being  at  the  very 
bottom  of  the  gravel  deposit,  they  must  have  lain  there  when  no  such 
beach  existed,  or  ever  since  the  Oak  Ridges  ceased  to  be  an  ocean 
bed."  *  Mr.  Bain  of  the  Toronto  Public  Library  was  good  enough  to 
call  my  attention  to  the  passage  just  quoted.  Mr.  Thompson  is  dead, 
and  enquiries  as  to  the  arrowhead  and  muller  referred  to  have  been 
fruitless.  It  is  possible  that  the  Indian  remains  reached  their  position 
thrcjugh  burial,  or  were  covered  by  a  land  slip,  though  there  is  no  proof 
of  this.  The  finding  of  a  hearth  of  stones  with  ashes  and  charred  sticks 
on  the  Iroquois  beach  in  New  York  State  gives  support  to  Mr. 
Thompson's  evidence  of  man's  presence  in  Iroquois  times.f 

Last  summer  several  horns  were  found  in  a  gravel  pit  on  the  north 
side  of  the  same  spit  at  a  depth  of  from  twelve  to  twenty  feet  below  the 
surface,  the  best  preserved,  just  above  a  layer  of  clay,  perhaps  at  the 
base  of  the  gravel  deposit.  They  are  horns  of  caribou  or  reindeer,  and 
are  so  fragile  that  unless  handled  very  carefully  they  fall  to  pieces. 
The  specimens  which  have  reached  me  have  been  treated  with  glue  by 
Mr.  Archibald  Pride  of  the  Biological  museum  and  are  preserved  in  fair 
condition.  Mr.  Pride  reports  that  the  large  horn  first  found  is  a  "shed 
horn  of  a  reindeer,  apparently  young,  from  the  right  side,  slender  and 
delicate  in  form,  about  three  feet  three  inches  in  length,  measured  by 
the  curve,  or  two  feet  six  inches  from  burr  to  tip,  making  allowance  for 
the  point  of  the  horn  which  is  broken  off."  '^he  second,  "  a  fragment 
of  another  reindeer's  shed  horn  found  near  the  former  but  on  a  different 
level,  has  the  same  characteristics  as  the  almost  entire  antler  above 
described." 

"  The  last  horn  found,  upon  close  examination  undoubtedly  that  of  a 
reindeer,  is  a  right  shed  horn,  worn  by  water  and  sand,  and  probably 
from  a  fine  large  male.     The    first,  or    brow    antler,  a    palmated    or 
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turned  up  snag,  is  broken  off;  the  second,  also  broken  off,  is  inclined  to 
be  flat  on  the  inside  surface.  The  measurement  of  girth  bet\vt:n  the 
two  snags  is  six  inches.  Sufficient  remains  of  the  horn  to  show  the 
sweep  of  the  beam  ;  and  the  slight  flattening  at  the  attachment  of  the 
tine  is  characteristic."  As  there  was  some  doubt  of  the  nature  of  this 
imperfect  horn,  which  at  first  was  thought  to  be  a  worn  wapiti  horn, 
Mr.  Pride  compared  it  carefully  with  Dr.  Pike's  fine  set  of  caribou 
horns.  He  found  that  it  corresponds  clo.sely  with  a  pair  of  caribou 
horns  from  an  aniinal  shot  bj'  Dr.  Pike  a  number  of  years  ago  in  Nova 
Scotia.  The  shape  is  much  the  same,  and  the  girth  of  the  Nova  Scotia 
horn  is  6}i  inches  between  the  front  antler  and  the  first  branch  as 
compared  with  si.x  inches  in  the  specimen  from  Carlton.  It  is  evident 
from  Mr.  Pride's  work,  that  caribcju  or  reindeer  differing  much  in 
character  of  horns  frequented  the  Carlton  bar,  but  he  thinks  the  horns 
examined  are  more  like  those  of  the  Barren  Ground  than  the  woodland 
caribou.  Numerous  other  horns  and  bones  of  deer  are  reported  from 
gravel  pits  of  the  region,  but  apparently  none  have  been  preserved. 

The  man  in  charge  of  the  main  gravel  pit  states  that  shells  occur  in 
the  gravel,  but  we  were  unable  to  find  any,  and  as  the  gravel  is  loose 
and  uncovered  with  clay  it  may  be  tliat  shells  formerly  present  have 
been  completely  crumbled  or  dissolved. 

The  only  other  fossiliferous  deposit  which  will  be  referred  to  is  one 
found  quite  recentl)'  while  sinking  a  well  near  the  Don  above  Taylor's 
first  paper  mill  for  the  purpose  of  determining  the  relationships  of  the 
glacial  and  interglacial  beds  in  connection  with  the  work  of  the 
committee  appointed  by  the  British  Association  for  the  investigation  of 
the  Canadian  Pleistocene.  The  well  was  started  on  a  hill  side  thirty- 
five  feet  below  the  Iroquois  level,  and  penetrated  sand  and  gravel, 
sometimes  cemented  by  carbonate  of  lime  into  impervious  layers,  for 
a  depth  of  thirty-eight  feet.  Below  the  cemented  layers  at  a  depth  ot 
about  seventy  feet  beneath  the  Iroquois  terrace,  freshwater  shells  occur, 
portions  of  unios,  sph;eriums  and  pleurocera  having  been  obtained. 
The  stratified  sand  rests  on  what  appears  to  be  a  weathered  surface  of 
interglacial  peaty  clay,  and  is  ]?erhaps  of  Iroquois  age,  though  the 
shells  are  found  at  a  lower  level  than  those  obtained  in  Iroquois 
deposits  at  other  points  near  Toronto. 

Freshwater  Shells  erom  Other  Lake  Deposits. 

From  the  instances  given  above,  it  will  be  seen  that  a  considerable 

number  of  fossils  are  known  from  the  Iroquois  beach  gravels,  but  many 

of  thein  are  horns  or  bones  of  mammals  or  fragments  of  wood,  giving 

no  hint  as  to  the  freshness  or  saltness  of  the  water.     With  the  exception 
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of  the  unios  said  to  have  been  found  in  beach  ridges  of  New  York 
State,  no  shellfish  have  been  discovered  except  in  the  neighbourhood 
of  Toronto.  It  is  believed,  however,  that  the  Toronto  finds  are  fairly 
conclusive  that  the  water  was  fresh  ;  and  the  evidence  is  strengthened 
by  the  fact  that  fresh  water  shells  are  found  in  deposits  of  most  of  the 
other  great  bodies  of  water  that  followed  the  retreat  of  the  ice. 

In  the  beaches  of  Lake  Agassiz  Warren  Upham  notes  Unio  ellipsis 
from  Campbell,  Minn.;  and  four  species  of  shells  occurring  in  consider- 
able abundance  near  Gladstone,  Manitoba,  about  875  feet  above  the 
sea,  Unio  luteoliis,  sphcerinm  striatinuiii,  S.  sulcatum  and  Gyraulus 
parvus.  I  have  collected  a  unio,  probably  rectus,  and  two  species  of 
sphairium  from  the  stratified  clay  of  Rainy  River,  Ontario  ;  deposits 
laid  down  in  Lake  Agassiz,  according  to  Upham  ;  but  belonging  to  a 
separate  lake,  according  to  Tyrrell.  Dr.  Bell  has  found  freshwater  shells 
in  old  lake  deposits  north  of  Lake  Superior  ;  and  Professor  Chapman, 
formerly  of  Toronto  University,  names  eleven  species  from  Angus, 
south  of  Georgian  Bay,  in  beds  probably  formed  by  Lake  Warren,  but 
possibly  by  Lake  Algonquin.  Chapman's  list  includes  Unio  complanatus, 
Cydas  {Sphariuni)  siniilis,  C.  dubia,  Aninicola  pomta,  Valvata  tricari- 
nata,  V.  piscinalis,  Planorbis  trivolvis,  P.  canipafiulatus,  P.  bicarinatus, 
Limncea  palustris  and  Physa  ancillana.*  In  my  own  collection  made 
in  the  same  region  Dr.  Dall  has  named  eighteen  species,  including 
Unio  luteolus,  SpJicBriuni  sulcatum,  S.  rhomboideum,  Pisidium  novabor- 
acense,  Valvata  sincera,  Amnicola  liinosa,  Succinca  avara,  Goniobasis 
livescens,  Planorbis  deflectns,  P.  parvus,  Limncea  decidiosa,  L.  elodes,  and 
Polygyra  monodon,  in  addition  to  those  found  by  Chapman.  Similar 
shells  are  found  at  other  points  near  Georgian  Bay,  and  in  the  latter 
case  as  well  as  on  Rainy  River  the  shells  are  very  widely  spread  and 
must  have  inhabited  the  waters  in  which  the  silts  and  sands  containing 
them  were  laid  down. 

On  the  other  hand  there  is  no  record  of  a  marine  shell  being  found  in 
any  of  the  old  beaches  of  the  Great  Lakes  region,  though  these  are 
common  on  the  St.  Lawrence  below  Brockville,  on  the  Ottawa  to  the 
northeast,  and  in  raised  beaches  along  the  rivers  flowing  into  Hudson 
Bay  on  the  north.  If  the  sea  had  formed  our  raised  beaches  one  would 
expect  to  find  marine  shells  in  these  just  as  we  do  along  the  rivers  to 
the  east  and  north. 

There  are  a  few  organisms  living  in  our  great  lakes  identical  with  or 
closely  related  to  marine  species,  and  this  has  suggested  to  some  writers 
that  the  Canadian  lakes  were  once  arms  of  the  sea,  Reliktenseen  of  the 


*  Geol.  C.in,  p.  912. 
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Germans  ;  but  when  this  evidence  is  examined  it  proves  to  have  little 
weight.  Professor  Ramsay  Wright  has  been  good  enough  to  call  my 
attention  to  the  discussion  of  the  whole  question  by  Rudolf  Credner 
in  Peterman's  Mitteilungen.*  According  to  Credner,  who  quotes 
Stimpson,  S.  J.  Smith  and  A.  E.  Verrill,  two  forms  apparently  marine 
occur  in  Lake  Superior,  Mysis  relicta  and  Pontoporeia  Hoyi ;  and  five 
in  Lake  Michigan,  the  two  just  mentioned  and  three  in  addition,  P. 
filicornts,  Triglopsis  Thompsoni  and  T.  Stimpsonii.  The  late  Professor 
Alleyne  Nicholson  found  Pontoporeia  affinis  in  Lake  Ontario.f  The 
two  most  important  genera,  Mysis  and  Pontoporeia^  are  tiny  crustaceans 
which  have  been  found  also  in  numerous  lakes  in  Scandinavia,  and 
apparently  easily  accustom  themselves  to  a  life  in  brackish  or  fresh  water, 
since  they  occur  in  such  waters  directly  connected  with  the  sea,  and 
into  which  they  have  migrated.  They  or  their  eggs  could  readily  be 
transported  by  waterfowl,  and  in  fact  might  have  passed  up  the  canals 
to  the  upper  lakes.  Credner  thinks  that  far  too  wide  reaching 
inferences  have  been  made  from  the  finding  in  freshwater  lakes  of  a 
very  few  species  generally  supposed  to  belong  to  the  sea  ;  and  that  the 
de  ' '.'on  that  a  given  lake  is  a  Rcliktensee  must  be  reached  only  after 
obtc.-iing  clear  proofs  of  a  geological  character,  since  the  fauna  alone  is 
a  very  uncertain  guide.  There  are  marine  forms  to  be  found  in  small 
crater  lakes  high  up  in  the  mountains,  such  as  the  Alban  and  Nemi 
lakes  in  Italy,  where  there  is  no  hint  that  the  sea  has  ever  been  in 
geologically  recent  times.^ 

The  fact  that  many  freshwater  shells  occur  in  the  interglacial  beds 
of  the  Toronto  formation  is  of  some  importance  in  this  connection  ; 
since  the  conditions  under  which  these  shell  fish  lived  at  heights  of  140 
or  even  220  feet  above  the  present  lake  must  have  been  similar  to  those 
of  the  great  post-glacial  lakes  referred  to  above.§ 

At  first  glance  the  finding  of  marine  fossils  along  the  St.  Lawrence, 
e.g.^  at  Montreal,  550  feet  above  the  sea,  seems  to  imply  a  lowering  of 
the  northeastern  part  of  the  continent  sufficiently  to  bring  the  surface 
of  Lake  Iroquois  down  to  .sea  level  ;  but  an  examination  of  the  curve 
illustrating  the  differential  elevation  of  the  Iroquois  beach  on  a  previous 
page  shows  that  horizontality  would  be  reached  considerably  above  sea 
level.  It  is  probable,  however,  as  shown  by  Gilbert  and  Taylor,  that 
the  sea  entered  the  basin  of  Lake  Ontario  at  a  later  time  and  at  a  much 


*  Pie  Reliktenseen,  Erg.iiizi'.igshett  No.  86  and  8c),   1887. 

t  Ibid.,  No.  86,  p.  6s. 

t  Ibid.,  p.  107. 

$  Bull.  Oeol.  Soc.  Am.,  Vol.  10,  p.  170,  etc. 
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lower   level  than   the   Iroquois   beach*   though   up  to  the  present   no 
marine  shells  have  been  found  on  these  lower  beaches. 

•     Age  and  Conditions  of  tiik  Iroquois  Beach  Deposits. 

Jud'^ing  from  the  apparent  maturity  of  the  Iroquois  beach  as 
compared  with  that  of  Lake  Ontario,  one  may  opose  that  the  two 
beaches  required  about  equal  times  for  their  piv^^.uction.  If  this  be 
admitted,  and  if  it  be  assumed  that  the  Iroquois  beach  was  begun  at 
about  the  time  Niagara  Falls  commenced  its  work,  we  may  conclude 
that  the  waters  retired  from  the  Iroquois  level  about  midway  between 
the  time  of  the  retreat  of  the  ice  from  the  western  end  of  the  Ontario 
basin  and  the  present.  As  this  time  is  variously  estimated  at  from 
5,000  to  30,000  years  or  somewhat  more,  the  Iroquois  beach  was 
probably  abandoned  from  2,500  to  15,000  y^ars  ago.  Dr  Spencer  in 
conversation  hase  xpressed  a  belief  that  the  beach  is  17,000  years  old, 
and  this  estimate  may  be  looked  on  as  representing  the  extreme  limit 
of  its  age.  It  is  possible  that  a  more  direct  estimate  of  the  time  which 
has  elapsed  since  the  Iroquois  water  was  drained  may  be  made  in  the 
future,  based  for  instance,  on  the  present  rate  of  erosion  of  the  Scarboro' 
shore,  or  on  the  cutting  of  the  Don  or  H umber  valleys,  and  some 
observations  and  photographs  have  been  made  to  serve  as  a  starting 
point  for  such  an  investigation,  but  results  that  are  of  value  have  not 
yet  been  obtained. 

The  climatic  conditions  of  the  time  were  probably  more  rigorous 
than  the  present,  though  exact  data  to  settle  the  point  are  not  available. 
The  two  trees  determined  by  Professor  Penhallow,  tamarack  and  spruce, 
belong  on  the  whole  to  a  relatively  cool  region,  but  both  extend  farther 
south  than  Toronto  at  present.  In  any  case  they  appear  to  belong  to 
an  earlier  time  than  the  Iroquois  beach,  since  they  underlie  its  gravels. 
The  caribou  and  elephants  of  the  bars  near  Toronto  suggest  a  dis- 
tinctly colder  climate  than  the  present  though  not  necessarily  a  glacial 
one  ;  but  there  is  not  much  in  the  structure  of  the  beach  itself  to  point 
in  the  same  direction.  Large  boulders  that  might  have  been  rafted  by 
shore  ice  or  carried  by  bergs  have  nowhere  been  found  in  the  Iroquois 
deposits  near  Toronto.  There  are  however,  some  crumpled  beds  of 
sand  lying  between  horizontally  bedded  layers,  which  may  have 
resulted  from  the  grounding  of  ice  floes  ;  but  it  is  not  impossible  that  ice 
floes  thirty-two  inches  thick,  such  as  formed  on  Lake  Erie  last  winter, 
may  produce  similar  effects  on  beds  of  sand  or  clay  along  the  shores  of 
our  present  lakes  when  driven  by  violent  storms. 

Though  the  Iroquois  climate  was  probably  distinctly  colder  than  that 

*  A  Short  History  of  the  Great  Lakes.  Frank  Bursley  Taylor,  1897,  p.  18, 
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of  Toronto  at  present,  the  evidence  available  supfgests  that  it  was  h)'  no 
means  Arctic,  probably  only  cold  temperate,  in  spite  of  the  immense 
glacier  generally  supposed  to  have  dammed  its  waters  near  the 
Thousand  Islands.  There  are  some  interesting  problems  connected 
with  this  ice  dam  which  held  the  water  of  Lake  Iroquois  for  at  least 
2,500  years  at  a  constant  level  in  a  climate  apparently  not  Arctic. 
During  the  whole  time  its  front  seems  to  have  retreated  not  more  than 
fifty  miles  in  a  north-northeasterly  direction,  since  the  ice  must  have 
occupied  the  region  near  Kingston  until  the  Iroquois  water  was  drained 
to  a  lower  level.  If  the  Iroquois  beach  at  Toronto  required  2,500  years 
to  form,  the  ice  must  have  retreated  in  the  direction  N  17°  P2  at  the 
rate  of  about  one  mile  in  fifty  years.  If  the  time  allowed  for  its 
formation  is  15,000  years,  the  glacier  retreated  at  the  rate  of  one  mile  in 
300  years.  Kow  many  years  were  required  for  the  ice  to  withdraw 
from  its  most  southern  point  to  Toronto,  and  how  many  more  were 
needed  for  the  retreat  from  the  point  where  the  Iroquois  water  was 
drained  to  the  vanishing  point  in  Labrador? 

It  is,  of  course,  very  improbable  that  the  ice  withdrew  in  a  uniform 
manner.  The  great  moraine  of  the  Oak  Ridges  stretching  across  south- 
ern Ontario  represents,  no  doubt,  a  prolonged  halt  in  the  retreat  nnd 
is  perhaps  connected  with  the  damming  of  the  Iroquois  water,  since  the 
moraine  reaches  Lake  Ontario  at  about  the  point  where  the  dam  must 
have  stood.  Why  should  the  ice  have  halted  so  long  in  a  climate  which 
seems  not  to  have  been  Arctic?  The  Alaskan  glaciers,  it  is  true,  present 
somewhat  similar  features,  but  they  are  Piedmont  glaciers  with  an 
immense  range  of  snowy  mountains  behind  them  as  a  source  of  supply 
while  the  waning  ice  sheet  of  Northeastern  Canada  rested  on  a 
comparatively  level  plain. 

Another  point  that  has  presented  itself  with  considerable  distinctness 
in  the  study  of  the  Iroquois  beach  deposits  is  that  their  formation  seems 
to  have  been  preceded  by  a  considerable  period  of  low  water.  Under 
the  thirty  feet  of  Iroquois  gravel  at  the  Hunter  street  tunnel  in 
Hamilton,  the  boulder  clay  has  been  weathered  brown  for  a  depth  of 
two  feet,  and  the  time  of  low  water  was  long  enough  for  large  tamaracks 
and  spruces  to  grow.  At  that  time  the  water  must  have  stood  at  least 
thirty-five  feet  lower  than  the  Iroquois  level  at  Hamilton. 

Near  Toronto  there  is  evidence  not  easily  set  aside  suggesting  that 
the  till-covered  surface  was  eroded  into  valleys  and  cliff's  before  the 
Iroquois  water  occupied  its  basin  to  the  full  depth.  At  the  British 
Association  shaft  near  the  Don,  stratified  sand,  probably  of  Iroquois 
age,  is  found  resting  on  a  brown,  evidently  weathered,  surface  of  inter- 
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glacial  peaty  clay,  the  overlyinjj  till  having  been  removed,  apparent)}',  in 
this  old  valley,  for  a  few  hundred  yards  to  the  east  blue  till  is  seen  over- 
lying the  same  peaty  clay  at  a  higher  level.  There  are  other  points 
also,  one  at  a  brickyard  in  the  east  of  the  city,  where  the  peaty  clay 
seems  to  have  been  cut  into  a  cliff  before  the  Iroquois  sands  were  spread 
over  it,  and  half  a  mile  east  at  Price's  brickyard,  the  same  cliff  of  clay 
buried  in  stratified  sand  may  be  found,  though  not  so  distinctly.  If  this 
evidence  be  admitted,  the  water  stood  for  a  long  time  at  least  lOO  feet 
below  the  Iroquois  terrace  after  the  ikying  down  of  the  last  till  sheet. 

It  is  generally  held  that  during  the  last  retreat  of  the  ice  the  succession 
of  high  level  lakes  was  unbroken,  and  that  Lake  Iroquois  followed  Lake 
Warren  without  any  dry  land  interval.  It  has  been  shown  by  Gilbert 
that  owing  to  differential  elevation  of  the  basin  toward  the  northeast 
the  water  at  the  southwest  end  of  Lake  Iroquois  at  first  stood  lower 
than  the  later  level  of  the  beach.*  Perhaps  the  difference  at  Hamilton 
may  be  sufficient  to  account  for  the  weathered  till  thirty  feet  below  the 
top  of  the  Iroquois  gravels,  for  Hamilton  is  the  farthest  point  southwest 
of  the  line  running  through  Rome,  N.Y.,  representing  the  axis  at  which 
the  water  level  suffered  no  change.  Toronto  is  very  nearly  on  that  line, 
so  that  there  would  have  been  little  or  no  oscillation  of  the  Iroquois 
water  level ;  nevertheless  there  are  indications  of  Iroquois  erosion  and 
weathering  seventy  feet  or  more  below  the  Iroquois  beach.  Before 
making  positive  statements  regarding  this,  however,  it  will  be  weli  to 
examine  all  the  localities  likely  to  throw  light  on  the  subject,  and  up  to 
the  present  only  a  few  of  them  have  been  studied  with  this  point  in  view. 
If  the  fact  should  be  established  it  may  be  necessary  to  a^  ime  the 
withdrawal  of  the  ice  after  the  time  of  the  Warren  water  long  enough 
for  the  erosion  and  weathering  observed,  and  then  an  advance  of  the 
glacial  lobe  of  the  upper  St.  Lawrence  valley  to  the  Thousand  Islands, 
and  a  halt  at  the  northeast  end  of  Lake  Iroquois  sufficiently  long  for 
the  formation  of  the  beach.  It  would  be  of  great  value  to  examine  the 
clay  beds  or  rock  underlying  the  Iroquois  beach  gravels  at  other  points 
than  Hamilton  and  Toronto,  so  as  either  to  prove  or  disprove  the 
existence  of  a  low  water  stage  between  the  time  of  Lake  Warren  and 
that  of  Lake  Iroquois  as  suggested  above. 

This  splendid  old  beach,  so  excellently  preserved  in  both  New  York 
State  and  Ontario,  whose  bars  and  gravel  ridges  are  traversed  by  main 
roads  for  many  miles,  on  whose  terraces  towns  and  cities  are  planted, 
should  receive  more  careful  study  than  has  been  devoted  to  it  of  late 
years  so  as  to  solve  the  interesting  problems  it  presents  regarding  the 
immediate  past  of  the  region. 


6th  y\ii.  Kep.  St.-ite  Reserv.itioii  at  Niagara,  pp.  70  anJ  71 


-VI 


■    ./■»■ 


